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PLIGHT MJASUPJMHNTS BY VARIOUS MiTHODS
O THE DFAG CHARACTIRISTICS
OF THE XP-51 AIRPLANE

By Henry A. Pearscn and Derothy i. Beadls.
SUMMARY

The varlation cf the over-all drag cnefflclant of
the XP-51 airplane was measurad in dives up te a Mach
number of 0.8. Durlng the t23ts the alirplans was instru-
monted so thdt the cvsr-all drag variatleon was cbtailned
by three metheds, sach cof whlch empleyod different comble-
nations cf Ilnstrumsntatlen. The metheds used ars termad
the accelercmeter, the energy, and the dlve-angle methodse.

A discussicn of the rslative accuracy of the rssults
obtalunad with each ¢f the methcds 1s glven both from the
standprint of lnstrumsnt accuracy and of the accuracy
with which the data may be rsduced. It 1is concluded that
wlth present 1lnstrumsnts ths accelosrcmater mathed ylelds
the most accurate and censistent rasults.

A comparlasen of tho presant drag rosults wilth those
obtalned 1n the wind tunnel 1lndlcates that at super-
critical Mach numbers tha flisght values dec not rlse as
rapldly as these from the wind tunnel. & cemparlson
batwasn varirus sats cf flight data 1ndlcates that suf=-
ficlent spread of ths data 1s obtainsad with presant instru-
mantatlon that a numbar of msasurements may bs required in
ordsr to establish a drag varlation cf rsascnable accuracyes




. . Mk Ne. L6F12

INTRODUCTION

In view of .ths need for obtalning fllght data at
high spaeds an XP-51 alrplane was made avallable by ths
Alr Materlel Command, Army Alr Ferces,for high-speed
divs tests. Altheugh the primary objectlve cf the tests
was to obtaiu xensral lcad data that could be applled to
axlsting alrplanes, a saccondary cbjective was to compare
the flight r9sults where pcssibls wlth wind-tunnal and
other fllight msasuraments. The wlnd-tunnsl measurements

wers obtalned r~u 4 l-scale medal of the XP-51 ailrnlane at

ths Ames aerrnautical Labrratery and the flight rasults
frem tasts mads 1n Zngland on a similar medel ef the
XP-51.

" During ths tasts at Langlsy Fleld, Va., ths XP-51
alrolane was Instrument:d so as tec cobtaln data at high
Mach numbsrs en such 1tams as: tha pressurs dlstribu-
tirn over the wing and taill surfaces, the alrplane
pitching-memsnt varlati~n, ths centrecl charactoristies,
the opsratlon ~f spaclally 1nstalled dlve-racovary flaps,
the preflle, and over-all drag variations. .

In sema casss thase quantitlss wors te be msasured
to the practical tarminal Mach numbar cf the alrplans.
Since measurasmsnts ceculd net ba obtainsd ~n all of the
quaatitlses simultanscusly, ths program was dlvided iato
savarul phasss. Frevicus raeperts cn thoe XP-51 project
(roferances 1 and 2) hava coverszd the ocpsration eof the
dive~racevasry flaps and the prefils drag, respictively.

The purpesa of thils repert 1s to presssnt the rosults
of the ovar-all drag ccsfficlent variatlion with MNach
numbsr up to 0,80 fer the XP-51 alrplana, and to dlscuss
In somo dstall tha accuracy of the varicus msthcds that
are avallabls for dstermining tha drag cosfficlsnt in
flight,. ’

APPAEATUS AND TASTS

Alrplansa.~- 4 sldc viasw of the XP-F1 alrplans 1s
shewn in flgura 1 and a line drawlng 1s glvsn in flgure 2.
Durlng ths tasts thi alrplans was coatsd wlth camcuflage
palnt; ne attompt was mads to preparos althor ths wing cor
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the fuselage to an asrcdynamically smooth condltlon.
Several minor medlficatlcons ware made to the alrplane
whose effect on the drag waé unkncwn. Thise modifica-
tions included: :

(1) The installation of a Pixed pitot-static hsad
on a boom mcuntad on ths right wing nsar 'ths wing tlp.
The static hrlss wore approximately l=-chord length
forward of the laading edge.

- (2) Thé installation of a shield cn ths upper side
of the fuselags aft of tho pllot to hruss a parlscepe
that was used 1n othar tssts.

(3) The covering of ths six machins-gun openings
In ths wing.

(4) The installatlon of a seriass ~f six small
automobile-type 1ight bulbs (abcut 3/8 1lnchss high)
acress the span of the herizontal tall for uss in cother
tosts.

(5) The installaticn of a rake frr measuring pro-
flle drag on the left wing at 513 paorcont cf the suml-
span and thres tctal-~hsad tubss which projJucted 4 lnches
above the trp surface of tha loft winge.

(6) Ths installation of dive-racovery flaps,
Thass flaps frrmed a bump 1/4 inch high and 20 inchss
long on tha lowsr surfacs of tha wing. (S3s refersnce ld)
Some of these mrdificatlens may bé ssun 1in flgures 1 and 2.

Charactoristics of ths airplana, englna, prepsller,
and sxhaust stacks ars glven ln tabls I.

Instruments.- Among othaors, the followlng instruments
wors lnstallad; those llstad are partinsant te the rasults
of thls rspert.

Alrspsed ragorder
Pressure altitude racerder

Accaleromster fer racerding accelaraticn normal to
thrust axis
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- Accelercmatsr for. raccrding acoeleraticn parallel
to thrust axis -

(Tha ?bovs instrumants wars of the continuously racording
typa.

Diracticnal gyrce mounted cn pllet's 1nstrumant ransl
. and tyrnad 90° -for msasuring attituda angle

Timer fer synchronizing rssults from abova 1astru-
monts

Indicating tharmematar
Msch number indlcater
Indicating accalaremster

16-milliimoter camera for phectographing pllet's
Instrument pansl at 16 framss p3r sscend

Tostse.~ The flight tecsts censistod of a number of
_ incrsgasingly fast dlves starting from Etsady lsvsl flight
. at a plleot's indicatad speogd of 160 mllss por heur and at
a8 spacifivd prossurs altituds. Tha lovsl flight portlen,
prisr te the dlve, was hald fer about 4 minutas followlng
which an abrupt push-cvar was mada te elthar a spacifiled
dlve angls eor te a dilvs angls-which was comfertable to
the pllot. In ths lattar casa the pilct precessdsd untll
a spacifisd Mack numbsr was rvachuod, aftsr which a 4g to
6g rscevery was madse,

Fer the mest part, ths dilves wure made with ths ongine
throttled; in ths threttled dlves tne manifeld prassurs was
below lewsst rsading on ths gage (10 inchos of murcury)
threughout tha dlve. In all édivas, hewsver, ths prepsller
was sst to gevarn at 2600 rpm and tha small radiator
spoller flaps wars opan. In gems of tho latsr dlvss, 1n
an attompt te roach high Mach numbors at ths hlghast pcs-
sible altitude, various amcunts of pewor wars ussd in the
g9arllar parts cf thia divs. Facrrds and mrtlen pletures
wars taksn during the psricd frem Just prier te ths push-
ovar untll ths pull-cut had bsan cemplstad.

. On ths way tc ths .starting pesitien tha pllet obssrved
the outslds alr tamporaturz at 1000-fcet Intasrvals. The
obsorvations ware always takeon at an Indicatsd spsad of

4



MR No, L6F12

180 miles per hour after coenditions were stabilized. -
In-order to estabplish the temperature-pressure altitude

. variatien- to -be -used with- the- subsequent-dive the pllot's
temperature observatiens were corrected for the small
adlabatic temperature rise at 160 miles per hour.

METHOD. OF RZDUCING DATA

The variaticn of the over=-all drag coefficlent with
Mach number was evaluated for a number of the dlves by
each of three different metheds. Bach of the methods
utlilized measurements obtained from different comblnatlons
of Instruments and are termed the acoelerometer method, "
the "energy methed," and the "dive-angle method."

Accelsremetor mathed,~- The readings cbtalned from the
accelercmeters and the alrspeed recorder were the primanry
measurements usad 1n evaluating the over-all drag by the
accelerometer mathed, although the geometry of the alr-
plane, recorded presaure altltude, and angle of attack
ware also usad., Thase quantitiss were inssrted in the
following sasily derivsd equation that 9xpressas tha over=-
all drag coufficlent:

c = % (nh ces a + n_ sin a) (1)

Dy

In equation (1)

CD 1s the ever-all alrplane drag coefficlent including
1l effecta of prepullar and sxhaust jJet thrust and
induced drag

n, . reading of accelercmstar measuring accelsrations
parallal to thrust axis, g units (When the. welght
or lnartis forces on the accaleromotsr vane act
Psarward a negative. valus 1s recorded,)

n, . reading of acceleromater msasuring accalérétions
normal to the thrust axis, g unlts

w . wing leading, W/S, pounds per square feot

lpva, pounds par square .foct

q dynamle ppeéspre, )
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a . ahgle of attack of thrust axils and of the-lnstrument
base relative tec flight path, degrees ' (Ths instru-
'ment board on which the: accelerometer was mounted
was’ parallel within +O 1 ‘to the thrust axis.)

The dynamic pressure g used in equation (1) was
derived from measurements of the lmpact pressure gq,
and of the pressure altltude both-of which were corrscted
for the 1nstallatlcn error existing at the statlc openings
of the pltot-statlic head. No lag cerrections wore made to
elther the alrspesed or altlitude measuréments as atudles
now In progress 1lndicate that for the lengths and sizes of
tubing used in ths- present tests lag effects would be well
wlthin other errors.

The: angle of attack’ a used in equatieén. (1) was - not
measured dirsctly but was determined from the equation:
: nyW

a=a, + : ' (2)
1, T L,

where the additional terms ara:

a, 1rp1ans angls of zero 11t measurad from thrust
o line, taken as -1.3°

_CL s8leope of alrplane 1ift curve. per degree, taken as
a 0,096

The cholce of ths abeve numaerical values was based on an
examination ~f preliminary wind-tunnel data taken at Ames

Laboratcery on the 3-scale medel at a Mach number of about
070,

Altheugh wind-~tunnel lift-curve slepes and zero 1lift
angles were aval.abls for the Mach number range of the
flight tests theoy 'were not used because anyrne confronted
with the tesl: of evaluating the drag from flight tasts
would not ordinarily have access to such data. In such
cases 1t weruld be necessary elther to start frem a com-
puted datum and avrply a varilatlon for Mach number or -to
assume som3 constant ‘average value as was done 1n the
present case.

Althcugh the use of a 1n equation (1) is in the
nature of a correctlon, 1t'ls necessary to iInclude it in
the evaluation of the data since in nons cof the divss was

6
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zero 1ift (that 1s n, = 0) maintained fer any length of

time, The.1inclusion.of.the. a ,term enables a tlme hls-
tory of the drag variatlinn to be calculated throughout

the dive even though the 11ft coefficlent 1s contlnually
varying. In the more or less steady portion of the dlve
and at small values of load factor the correctlons due

to o were generally small; during ths push-cover and 1in
the pull-cut the cnrrectlions were larger and the avaluated
rasults are Influenced oy the cheice of the values of

c and ay .-

La zo

Energy method.- The readings obtailned from the alr-
speed and pressurs-altitude recorder were the primary
measurements usad in evaluating the over-all drag coof-
flclent by the energy method. Ths methnd is based on
the assumption that the rate of change of tha sum of the
potential and kinatic enorgy of the alrplane during the
dive 18 equal to the powsr consumsd in drage. The portl-
nant equations ara:

VZ
- oa— — ds—l
I (Enorgy) = W%E (;a + EE) = Drag rri DV (3)

Sinces CD asS

h +V2> qv(ha+§g¥> (4)

where the new terms net prevliously defined ara:

C = ¥_

QJIQ

\ the true alrspead, feet per second

g accelaration of gravity, 32.2 feet per second2
h, the absclute altitude, feet

t tima, ssconds

The true alrspsed V was obtalned frcm ths corrected
maasurements of tha pressure altitude hp and ths impact

prassurs q, togathor wlth the tempsraturs cobservations
taken at the varilous preossure altitudes during the climb,

7
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_ The absrlute altitude ussd in equaticn (4) was
determined by usual metheds for correcting pressurs
altitude to absolute altitude.. It was found, howdver,
that 1n thsse tests while the absolute altiﬁude varled

d
g om the pressure altltude ths quantitles EEE .and
I5 varled cnly slightly.

Dive-angle mathod.- The readings obtainsd froem the
alrspeed racerdar and the mevies of the gyro wurs the
primary measuraments ussd for savaluating the drag coof-
flclont by the divs-angle method althcugh the acceler-
omotar raadings wars usad to obtaln the nocessary sscondary
cerractions for angle of attack changes. Ths feollowing
equation was usad in the reduction of the data:

I'd
;ch =(.F sin v - l.Q%) : (5)

whare ¥ , the flight-path angle rolative to the hori-
zontal, was obtainad from the movies taksn c¢f the lnstru-
mant panel. In the tssts tha gyro-was uncaged.at 160 miles
per hour Just bafers ths push-over, The Inltial gyro rsad-
Ing sarved as a datum and subsequent rsadlngs were cor-
racted for the diffsrances 1n computod angle of attack
existing at tha datum conditlon and the angla of attack
computed for any othar time. Ths partinant squatlon for
doriving the dlve angls ¥ from the gyro raadings wass

Y = (Yraad - o) <__q h) (6)

whers the subscriot ¢ daeslignates the readings 1n the
datum posltioen.

Corroctions for thrust and induced drag.- Correctilons
ware made to tho over-all drag ccoafflclants. Cp com=
1
putsd by ths varlocus methods (squatiocns (1), :(4), and (5))
for thrust and lnduced drag in ordur to nbtaln tha drag
coefficiant CD for the alrplans alens. Thus?

: 2 :
CD = C + EJ + EE - ELL. . (7)
o Dy as gS mA

8
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where T  1s the thrust in pcunds and the subscripts

] and p refer to jJet and propeller thrust, raspectively.
No-tssts-were made to determine the. span..loading effi-
ciency factor, thus the induced drag perticn was computed

from the elementary equation CLz/hA. The use of this

equation is Justified in the present case, since the usual
5 percent corrsction will hardly affect the results within
the plotting accuracy.

The Jet thrust was determined from the equation:
' T, = NMe<vJ - V) ~(8)

where

Me average flow of exhaust gas, slugs par seccnd per
cylinder

N numbsr of cylinders (12)
VJ mean exhaust gas Jet veloclty, feet per sascend

v flight speed, faet per sscond .

In computing Mg 1t was assumed that thers was
0,0021 pound cf exhaust gas psr second psr brake horse-
powsr. The vdlue of the brake horsepowsr was obtained
from performancd charts fer the Alllison V 1710-81 anglne,
Thé vaeleclty vj was obtalned from results given in

~ rafarence 3.

The propeller thrust. T. (leas compressibility

effects) was determined from the charts givan in refer-
ence 4. In this determination, the powar cceffleclant
Cp and the V/hD ware first computed frem tha englne

manifold pressure, measured airspeed, and engine rpm.
Ths'computed power goefflclont Gp was then converted

to the propsr activity facter in order te onter the chartse.
The thrust coafficlsnt Cq obtalned frem' the charts was

. then reconverted to the propsr activlity factor fellowing
which the propsller thrust was computed from ths equation:

T, = Cq pn®pt (9)

9
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The above value of preopallar thrust was ccrrectsd for.
comprossibllity effscts by multiplying aaquation (9)
by -a tip speed corrsction factor F and a hub gor-_.

Pactlon factér Fh . Ths valuesa of thgse factors ware

obtained from refarsnces 5 and 6 and are similar teo.
thesse glvan in raferance 7.

In the throttled dives when the ménifold prassure
was 10 inches ~f marcury or below, the thrust and powsr
ware computed as though tha prassure wers 10 inches ef
mercury. It will bo ssen latsar that this assumption
wlll not affect th3, rasults to any groat axtent,

RESULTS aND ACCURACY

In this sectlon r2sults are filrst prsssntad for a
salectsd dlve in whilch the drag ccofflcient is determinsd
by ths various methods, feollowlng which the accuracy of
the rosults obtainable with the varlous matheds is briefly
discussad, and finally the avarage fllght drag varlation
i1s given for all of ths divss.

Results for a selected diva.- Flgure 3 sbows a time
history of scrme of the msasurad.and computad quantltlass
for a dive 1n which a Mach number of 0,786 was reachad.
This particular flight was .chosen for 1llustratlon because
1t was the hlghsst Mach number dlve for which a2 ceomplste

- 86t of lnstrumsnt racords was avallable for avaluating

the drag oy dll thras mstheds. The dive was started from
a push-cver at 31,200 foat and prcceeded for appreximately
20 seconds at which time a 4.,0g pull~out was Inltlated.
Thae threttle was set pricr to tha dlva so as to -govern

at 19,000 fast and 160 miles par hour with a manifcld
pressure of 37 1nchss of marcury.

- Table II 1lists some of tha computations made in
svaluating CD and CD by each of these motheds, In

ordsr that an eppralsal may bs made of the contributions
of the varlcus drag compenants, taebla II also glves soms
of the computations for obtaining the jst and propallsr
thrust,

10
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Filgure 4(a) shoews the variatien cof ths dra% coaf-
- +- - flelant Op: with Mach number while figura 4(b) shcws
- r e l. . . C e e e e .
‘ths variation cf GD with Mach number. Ths valuss
given in figure 4(a) ware obtalned froem figura & and
table II. Ths valuss for figure 4(b), howsver, are
taken from 1li1ft cecefflclents falling wlthin the range

from 0.2 in order that ths effect of any span effi-
clancy facter would be a minimum,

Accuracy.~ Tha wide variation and irregularity of
the drag curvas shown in figure 4 fer tha varilous methods
indicates the dasirability of some dlscussion of the
accuracy of measuramonts and opsaratlons.

Ths majJor quantitisas usad in the squations for
raducing the data ara bsliaqu to bes knewn te ths following

accuracye.
Quantity Accuracy Kemarks
W 0,005 or 1/2 pircent Corresponds roughly
to a wolght of 7
gallons gascllne
q 1 inch HO or
1l parcent whlchaver
1s greatar
v Coriasponding to
accuracy of q above
or 1/2 psrcent
M *o,01
TJ +20 pounds
Tp 100 pounds Corresponds roughly
. te 100 thrust horsew
powar at 20,000 feet
o, 10,01g Corrasponds to 79
: pounds error in
force actlng along
flight path.

1l




MF Ne. L6F12

Tantity . Accéuracy . Remarks

+0.05¢ Error of this amount
. in combination wilth
an error 1in angle
of 3¢ wculd result
in an errcr cof
20 1b acting along
. .the flight. path per
- lecad factor

’

a 3 A : : Due mainly to com~
. bined srrors in
a and Cz

LO a

Y T %20 Dus te cembinad
arrors in quantl-
tigs In equation 6

4av , dhg Difflcult to assess

dt dt

h
Errors in tha quantitiss %% and %Eg ars difficult
te dstermine slnce part of ths errcr may be attributsd to
ths msasurements ¢f V and hg and part te the graphical

differsntliatlen that is raqulred. Regardless.of mathed,
the absolute arrcr in the evalustad drag ccefflclants,
dapands upen ths accuracy with which ths ferce acting
aleng ths flight path 1s knewn. Figure 5(a) shows the
varlation in ths width of ths arror envalepe with Mach
numbsr and altituds dvs to an error of 100 pounds force.
Figure 5(b) shrws a simllar variation for an errer cf
100 thrust horsspowar. )

If 1t is assumsd that ths errors in the major quanti-
tles used In the equation for reducing tha data are addi-
tlve ths maximum posslibls srror 1n feorce along ths flight
path from ths sstimates glven would be about 236 pounds.

At 20,000 feat the maximum width cf ths error snvalops for
a loud facter of 1.0 weuld than be as shewn in figure 5(c)e.
The dlscussicn c¢f arrors in ths prscesding paragraphs has
impliad that ths errers are of accidental nature. The pos-
8ibility of a certain censistant orror will be teuched upon
later in ths discussien of rssults.

12
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Although 1t .18 not readily seen from filgure 4, since
the results.given in this figure are from only one divs,
i1t may be stated that the snergy and dive angle methonds
ylelded rasults with a ccensiderably greater eunvalope band
than that shown in figure 5(c¢). In contrast, the acceler-
. omater method gave battar results consistently with an
" anvelerpe band somewhat greater than that shewn in figure 5(c).
In.general,. the band was smaller for theo fully throttled
divas than fer ths dlves in which power was usad.

Average fllght variation.~ In view of the precading
?consideratgons ths results from the accelsremstser mathod
wors ‘deamed té be the mest accurate and tharefore only
thé rosults:obtainad by this msthed ars glven in thils
raport. Figure 6(a) shows the rasults obtained by the
"acevloromatsr mathed for ¢ight dlves cf varlous degroes of
saverity whera the rangs eof alrplans 1ift coafflclent was
$0.2. Corracticns for propsllar thrust, jot thrust, and
Induced drag w:ra mada fer sach diva as cutlined in table II.

From ths curvas gilven in figurs 6(a) an avsrage curvs

was ‘derived. Sincs ths numbsry of curves te ba avaragsd
" d1ffsrad in various rangss tha final averagaed curvs of
figura 6(b) has bsan brckan inte a number of ssgmants, each
. sagmant balng basad on tha number of curves notad. Ths

detted lines raprasant the mean dsviaticns from ths mean
and sarve as an indicatlon of the rsliubllity of the avarage
curvaé

In order te ‘gilvs soms 1dsa of tho corrslaticn bstween
" the rapld rlse 1n the cvar-all drag curva and ths critical
Mach numbors, ths critical spseds as dstermined from flight
prossure distributions taken ovar thrsee wing ribs located
at 52, 114, and 185 inchas from the airplans centar llne
are noted on figure 6(b).

DISCUSSION

: In connaction with ths msan drag-coefficlent curve

6f figure 6(b), 1t may be notad that tha largest value
maasursd was about twlcs the low~-spsed value, and that the
rapld rise 1n drag coafficlant whsre a{cp/mj = 0.1

1s assoclated with a Mach number which 1s about 0,05
greatar than the critical Mach numbar for the wing saction
at 52 Inchos. Aslde from this general comment, it is of
interast to prassnt rosults from other drag maasurements

13
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pertaining .to the P-51 series of airplane and to dlscuss
.the requirements necessary to insure reasonable accuracy
in flight measurements of drag .coefficilent. .

.'Gompariéon“of the present measurements with other
avallable reaults for .fhe P-51 serles are shown in
figure 7. Curve 1 shows the drag varlation obtalned at

gero 11ft for a %fsdale model of the XP-51.airplane

tested in the Ames 16-foot wind tunnel. The tunnel tests
were made on a smooth propellerless model which had some
but not all of the protuberances that were present on the
actual alrplane. A ocomparison of the flight drag results
with those obtained in the wind tunnel lndlcates that at
the supereritical Mach numbers, even taking into
conslderatlion the mean deviations, the flight values do
not rise as ranldly as those from the ‘wind tunnel.

- Curves numbars 2 and 4 wsre obtalnad from fllght
tests made 1n Grasat Britaln on an early versicen ~f the
Mustang - which was gimllar in configuration teo tha XP-5l1.
In the British tests, ths drag variation was detsrmlned
by the snergy methnd. Curvae 2 applles with the small
.radlator spoller flap up, whlle curve 3 appllss witk ths
radlator speller flap dewn. The-curvas shewn rapressnt
averages of prints which wsre wldely scatterad.

Curve 4 shows the variatlon with Mach numbar of the
apparent preflle drag cecafflclent obtalned from a rake
survey bshind a statlon 114 inches ‘out frem the wlng
center l1lins on the XP-51. -Thls curve was taken from
rafersance 2 and represents only sacticn data.

It may be nrtad that whoreas both curves 1 and 4
show elthor no incraass or slight incrsase in drag coef-
ficlent with Mach number for M 1lsss than 0.66 the maan
flight curve shows an opprsite trend which may bs of slge
nificanca. All ths curves in figure €(a) from which the
maan curvs was dorived shew thls same tondsncy 1indlcating
the possibility that some conslstent arrer was Introduced
into the computations. A censistent trend of the typs
shown -cculd bs 1ntroduced by ampleying.alther propsllar
characteristlic cr snglne-pewsr c¢urves which wars not
directly applicabls te ths aonglne prepallar combinatlon
used in the tasts.. It may be sesn from flgure 3 and

.. teble II that in the low-spsad rdnge (that 1s at the:

" baginning of the dlve) small but consistant errors in
9lther the pradiction of the englns pecwer or the propaller

14
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thrust frem the charts used would materlally affect the
results whereas in the high-speed range this effect
would be much-less lmpecrtant.. . . - o

In connecticn with the Britlsh results (curvss 2 and
3) a more recent British analysis of the data indicated
that the instrumentation used was not adeguate and recom-
mended the use of the accelerometer methed for future
evaluatlions cf flight drag. The same rscemmendation 1s
made in reference 9 which shows that small errors in
alrspesd and altitude measurements glve rise to large
errors in.the drag crefficisnt as determinad by the energy
mathed. :

Although the comparisens of figura 7(a) ars of prin-

" elpal interest since they psrtain te the XP-51, other
comparisons are centainad in figure 7(b) for othsr versilons

of the P-51 alrplans. Flgurs 7%b) shews the comparlson of

the XP=-51 rasults with wind -tunnel and flight muisur:mants

for the P-51B.airplane. Curva 5 shows the drag-coufficlant-.

variaeticen obtalnad at zsro 11ft in ths wind tunnal ecf a

%-scala modsl of the P-51B eirplaﬁa, withrut a prepsllor.

(See" rafarence 8.) Curvas 6 and 7.are the drag variation
m2asursd 1ln fllght naur zaro 11ft by the acceoloromater
mathod on a P-51B withcut a prepesllor.” (See referance 8.)
Curve 6 reprosants tha variation obtailnsd ln one flight in
which 1t was statusd that ths least amrunt of dust was on
ths alrplane whila curva 7 raprassnts the case of a dlvs
wlth the mest dust on the airplane.

It 18 bellsesved that mecst of the variation ecbtalned
in the form of the drag curves given in figures 7(a) and
7(b) may be attributad to diffasrences in the accuracy of
the measurements and methods used 1n sevaluating the datae.
On the basis of ths pressnt expsrlence it may be stated
that results obtalned with the energy methed are not as
accurate as these obtalnsd wlth ths accelaromatar mathed.
In support of this statemant i1t may be notsd that ths wind-
tunnel tests of the l-scals modal of ths XP-51 indicatad

that the small radiggor sprilsar flep had baraly a nctice-
able effect on the alrplane drag below an M of 0.75 and
a slight effect up to 0.80, whereaa ths flight tests fer
the Mustang (curves 2 and 3) showed that the radiator
spoller flap had a relatively large effect. It may also
be noted from fliguras 4 and 6 that drag varlations as

large as these indicated by either curves 2 and & or curves
6 and 7 could be cbtainsd between successive flights even

15
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though the alrplane cenflguratlion had net been ehanged:
This leads to the conclusion that unless improvements
are made in technique several flights may be regquired in
order to estatlish the drag varlation for a given con-
figuration. :

CONCLUDING REMARKS

The detalled cemputations glven for the salacted
dive (figs. & and 4 and table II), as well as results
of computatlons net included in thls repert, indlecate
that further gain in accuracy may bs had by improving
both the instruments and the flight technique. Lacking
direct measuremsnts of prepeller thrust, an lmprovement
in accuracy weculd be obtalned by using less pcwer bacause
the thrust could be mere closaly computed. An lmprovement
may also be cobtained by further incresasing the accuracy of
.the accelerometers and taklng speclal prscautliens in their
locatlion wlth rsspect to ‘the airplans.center of gravity
and their orlentation with raspsect to the angls of zero
lifte It 1s felt, unless such improvements ars accompllished,
that (a) computatlons for converting pressure altitude to
true altitude, (b) determinations of span afficlency factor,
and {c) correcticns for comprassibility effacts on propeller
tlps and hub loss much of their signlficance.

Langley Memorial Aercnautical Laboratory
National Advisory Cocmmittee for Aercnautics
Langley Fleld, Va.
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TABLE T

J— R

LR T

CHARACT&RISTICS OF XP~51 AIRPLANE

Alrplane:

Over-all lensth [ . L] [ ] - . [ [ ] e ] [} ] [ 52 ft 1n.
Welght for tests, 1b . ¢« ¢« ¢ ¢« ¢« o o & 87897
W1n8 Span [ ] . . . e ] [ ] ] ® [ ] - ] . [ ] 57 ft 5/16 in'
Wing area, 89 £ o« ¢« o o o o o o« o« o ¢ s » s o o 235,75
Horizontal taill
Stabiliger area, 8q Ft « ¢« o ¢ ¢ o o o s ¢ o o 27.70
Elevator area (including
1.24 8q ft balance), SA Lt ¢ o ¢ o ¢ o o o o "13.76
Vertical tall
Fin area, sq ft . . e o o 6 6 8 o o s 0 e s s A4
Rudder area (1nc1uding
0.63 sq £t balance), SQ Ft ¢ o o « o ¢ » o o 11l.16

EnSine= ® 6 o o o o o s o o o o o e o Allison V1710-81-99

Nermal rating . . o+ ¢« ¢« « « o ¢ « 1000 bhp at 2600 rpm
at sea lavel

955 bhp at 2600 rpm

at 15,700 feet

Goar 18t10e ¢ « ¢ ¢ o © o o6 © o o & o o o » 0 & 2 00:1

Prepeller: « « =« « ¢+ ¢ ¢ =« « » » o Curtiss censtant-speed

Draw1ng number L] L] L] . . ] . o e e . ] [ 614001.5 - 18
Serial number - - . [ - » [ [ ] [ ) [ ) [ ] [ [] ® .'AF 40—12646
Diameter . . . . e« o o o o s o« s « L10.ft 6 1in,
Angle high at 42 1n. station s o o o o s s o s o o 580
Angle low at 42 In. statlon « = o o « ¢ s« o s « o » 23°
Activity facter (total) o ¢ © ® o @ & @ & o ° o @ 265.5

Bxhaust stacks:

Area of each stack, 89 1In. « o s ¢ o« ¢ ¢ + o o ¢ o« 4.95
Inclinatlion to thrust axis . . . 240 40!
Inclination to plane of aymmetry 12°¢ 50!
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TABLE II
COMPUTATIONS FOR EVALUATION OF DRAG COEFFICIENT OF XP-51
" FLIGHT 43

i
|
|

Py -

g 2 3 « 5 ls

-~ - b a 3 a. o - o

= 2o« ] ? g o 5 =~ 3 ~ S et ] £d {5

o — £ 0 ~. - Q4 o W L] o~ o a. N

98 o8| 4 | 5. |25,2 {88 3 7% o+ |3 |3 el P2 a5 |k

~ 2 4 } gz =g. - o 3:-&:.5 g ; £ W See ‘3 L] o e _S

X% a0 ’ ~ ° ’ o 5 - 3 n —~ s ;‘3 :':73 L] = g> 8 .o

ie - 4 ~ E- [-% - wo » o © = -1 —~ o - A

ns fohal e 3 2 = 0 ce W o L] > aod w0 » c Fd

3 < & = & = -~ 188 ~| & =2 a S g 2 = =
0 392.7 | 82.7 (0.369 | -35.4 | 0.868 =0.085 31,200 | 32,400 2.0 | ~4.8 .38 | 1.73 | 20.0 | 500
1.0 {395.8 | 63.9 302 | <38.4 53 -«070 31,200 | 32,400 5.0 “1.9 ] 1.55 ] 1.74 | 20.0 | 500
1.7 ]400.8 | 65.8 «397 1 -35.4 «49 =063 31,200 | 32,400 ——— ———- "l.24 | 1.76 | 20,1 | 505
2.2 [402.8 | 66.3 | .309 | -35.4 «06 «055 31,190 |} 32,400 ———— - =99 | 1.77 | 20.2° | 610
2,6 | 404.9 | 67,0 | ,401 | -35.4 } =418 «s040 31,190 | 32,390 e - -2.22° | 1.78 | 20.3 | 515
3.1 | 409.9 | 68.2 +«406 { -35.4 06 =051 31,190 ———— ———— -1.01 § 1.80 | 20.5 | 520
4.0 | 419.0 | 71.6 415 | =E5.4 | -.59 =065 31,190 ] 32,280 19.5 10.5 -4.12 | 1.84 | 20.8 | 530
4.4 424.3 73.6 «420 | -Z4.9 -o41 =073 31,040 32,200 | ‘==aa —— -3.20.1 1.87 20.9 535
5.0 | 429.4 | 75.8 425 | -Z4.5 | -.80 =-.085 30,950 | 22,160 27.0 18.8 -4,91 | 1.89 | 21.0 | 540
6.0 446.0 az.4 <441 | -23.8 =.67 =075 20,760 32,000 36.0 28.0 -4.08 1.96 21.2 545
8.8 com- ——— -2.6% 2.01 21.5 550
7.0 41,0 | 31.0 | =---- 2.04 { 21.8 | 560
8.0 47.5 37.7 2,13 22.0 570
8.7 ——— ———— 2.19 22,2 580
9.0 52.5 44.7 2.21 22.5 385
10.0 56.0 47.5 2.30 23.0 595
11.0 80,0 53.8 2.39 23.7 610
11.4 ———— o——m- 2.435 23.9 615
12.0 590.5 52.4 2.49 24.1 625
13.0 60,5 4.8 2.58 25.0 640
14.0 59.0 55.8 2.67 26.0 670
14.4 28,990 ———— ———— 2,71 26.4 680
15.0 | 630.5 [ 18648 | o620 } ===== | .6Z ]| —=ce= | ccwe-- —mcee- 59.0 52.7 2,77 27.0 695
15.7 647.0 | 197.0 <19 27,440 28,310 — ———— 2.85% 27.7 710
16.0 651.1 | 200,8 67 - 58.5 52.2 2.86 28.0 720
16.6 667.5 [ 212,68 «15 ——— ——- 2.94 28.7 740
17.0 676.4 | 219.6 .10 59.5 52.2 2.98 29.0 750
17.8 696.5 | 237.3 .49 co—— ———— 3.06 30.0 780
18.0 701.5 | 239.9 2 60.5 $3.6 3.09 30.2 790
19.0 723.0 | 259.4 .06 26,600 61.0 53.6 3.18 21l.4 815
19.7 728.0 }1275.0 1.14 26,210 ———— ——— 3.25 32,2 835
20.0 745.0 | 281,585 .44 —————- 62,5 55.6 3.28 32.7 850
20.6 757.0 {297.4 «52 25,700 ——— ———— 3.33 33.3 870
21.0 767.7 | 307.1 .49 o m—— 62,0 55.1 3.38 34.0 890
21.4 772.0 | 313.3 1.58 25,200 w——— ———— 42 3.40 34.4 900
22.0 784.0 | 328.9 1,21 60.5 54,3 | ===~ 3.45 35.0 915
22.5 792.5 1 332.4 1.29 ———— ———— .03 3.49 35.7 930
23.0 B800.0 | 245,3 1.21 60.0 53.9 o] 3.52 36.1 950
23.5 807.0 | 358.0 1.50 59,0 53.0 3.58 36.8 965
23.8 810.1 | 359.9 1,80 ————— ——— 3.56 a7.1 975
24.0 812.5 | 364.3 1.48 57.5 51.4 3.58 7.2 980
24.4 816.5 | 370.2 1.99 ———— - 3.59 37.7 990
24.8%5 817.5 | Z71,68 2.12 55.5 50.0 3.60 37.9 995
24.7 819.0 | Z74.4 1.99 ———— ———— 3.60 38.0 11000
25.0 821.5 | 377,8 2.46 55.0 49.8 3.61 38.3 }1005
25.1 822.0 | 378,0 2.70 ———— ———— 3.62 38.5 {1010
25.5 824.0 | Z84.6 1.24 53.0 46.7 S.863 9.0 ]1020
25.65 | 824.5 | 386.6 +86 22,470 ———— m———— 3.63 39.0 11020
26,0 826,0 | 390,0 1,97 - 51.0 45.3 3.63 393 1025'
26.1 |826.5 |391.2 2.07 22,160 —— ———— 3.64 | 39.5 |1030
26,5 1827.5 | 398.5 2.19 | eccmc | cevecee | acaa. - 50.0 4.5 | «=e-- 5.64 | 9.9 |1035
26.9 827.8 | 400,1 2,13 21,660 ———— ———— 53 3.64 40.0 {1040
27.0 828.0 | 400.4 2.27 ovmeme 48.0 42.5 ————— 3.64 40.2 {1045
27.2 829.4 | 402.7 2.47 21,500 ——— ——— 79 3.65 40.2 |1048
27.5 . 2.20 46.5 40.9 | -=e-- 3.64 40.5 11050
28.0 2.59 45.0 397 | ===e- 3.64 41.0 1065
28.5 2.78 43.5 38.4 1.00 | 3.64 | 41.1 [1070
29.0 3.33 42,0 37.3 1.46 | 3,653 | 41.5 |1080
29.5 3.57 38,0 33.5 weme~ | 3.62 | 41.8 |1090
29.7 3.40 ——— ———— 1.51 3.62 41.8 {1090
30.0 3.79 S4.0 29.7 - === | 3.61 | 41.9 [1095
30.2 4.02 20,240 omaa ——— 2.07 | 3.60 | 42.0 {1100
30.5 T.72 P, 31.5 27.1 eeuee | 3,58 | 42.0 (1100
30.9 .98 20,020 3.58 42,0 1100
31.0 2,91 cecmmm 3.58 { 42.0 ]1100
31.7 4.02 19,830 3.55 | 42,0 |1100
32,0 802.0 | 402.8 2.47 ——me—— et 3.53 42.0 {1100
32.2 801.1 | 400.9 Z.40 19,040 19,730 3.52 42.0 [1100
33.0 (794.2F 394.8 3.47 Cf mmcem= 7.5 13.1 meeew| 3,49 | 42.0 11100
3%.9 783.5 | 304.8 3.67 19,500 - ———— 1.96 S.45 42.0 |1100
34.0 782.0 | 384.8 3.60 —em——- 13.0 8.8 ————— S.45 42.0 {1100
35.0 | 7T72.5] 374.4 38 | eemem | emceenm | cceea - 8.0 1.6 eeaw- | 3.40 | 42.0 j1l100
36.0 762.4 | I64.4 2.10 19,470 1,8 -4,0 67 3.35 41.9 |1095
37.0 750.5 | ¥53.9 1.50 —m—a—- ] ~-6.0 ———— 330 41.8 | 1080
38.0 | 741.9) 34441 1.19 19,600 -1.8 7.8 =13 | 3.26 | 41.6 [1085
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TABLE II - Concluded
CONPUTATIONS FOR EVALUATION OF DRAG COEFFICIENY OF XP-S51
FLIGHT 43 - Concluded

-
2
N 13 M 13 o Be
= 5 o 2 [ F 5|E P - |2 512 |»
= | 5 | 3 2| S| 5 1 305 8|3 |5 2
~ °0 -9 - ° F ] ~ o= . ° ©

-t —

18133 | ] ¢ NI S - % - I - - L P S - PO

[ 2t =9 ~ - [-% IS tuao © 8 zu : :on: :og 8 :no-
e d: oﬂ ,_‘,:' x go g g ® -~ K o 1 | 40 »
£l e s g (3 | 3 ¢ § S (5 g1: 1% s

0 |s8l.s | 44.9 |o0.0%93 | 0.0020 | 0.457 | o.on13

1.0 | 577, 44.9 .0286 .0030 2™ #0041

1.7 |590.9 | 45.7 +03875 £029 251 .0034

2.2 |567.0 | 46.1 .0369 0030 .032 »0001

2.6 1585.3 | 46.7 .0376 L0030 | -.000 | .0004

3.1 |578.3 | 47.4 +0368 .0030 .032 +0001

4,0 |575.0 | 48.2 20348 .0029 | -.277 20041

4.4 |575.5 | 48.7 +0331 0028 | -.187 0019

5.0 {557.0 | 49.3 +0316 .0028 | -.354 #0088

6.0 | 546.7 | 49.0 .0279 .0028 } -.270 +0039

6.6 1520.0 | 49.5 #0283 .0024 } -.225 «0027

7.0 | 550.0 | 50.2 £0263 .0024 | -.251 .0054

8.0 | 527.0 | 50.% 0233 .00 -.218 +0026

8.7 |521,5 | 51.4 «0213 .0021 { -.200 0022

9.0 | 508.8 | 51.8 .0208 0021 | -.032 «0001

10.0 | 516. 51.9 -0179 .0018 { -.098 +0008

11.0 |500.0 | 52.5 .0162 .0017 .122 +0008

11.4 [488.8 | 52.9 20157 .0017 .148 .0012

12,0 {482.0 | 53.2 20145 .0016 .039 +0001

13,0 {46Z.4 | 53.9 .0129 .0015 +154 +0013

14,0 [447.) | 56.4 +0111 .0014 .219 .0026

14.4 1420.8 | 56.9 20106 0014 .116 .0007

15.0 {428.3 | 58.0 0096 .0013 .103 .0006

15,7 {379, 58.7 «0084 .0013 Rt .0010

16.0 {377.7 | 59.9 »0082 .0013 .100 +0006

16.6 |361.6 | 61.1 .0071 .0012 .026 +0001

17.0 | 354.7 | 61.7 +0069 .0012 .013 «0000

17.8 [330.8 | 65.8 .] .0057 .0011 .071 +0003

18.0 | 304.3 | 65.2 +0056 .0012 043 «0001

19.0 |283.9 | 66.4 <0087 .0011 .006 +0000

19,7 |268.9 | 67.2 «0040 .0010 .142 +0011

20,0 {240.1 | 68.6 »0035 .0010 .046 +0001

20.6 {210.2 | 70.1 +0030 .0010 .058 - 000R

21,0 1213.9 | 71.3 «0030 .0010 .051 +0001

21.4 |187.4 | 72.1 «0028 .0010 +167 «0016

22,0 |166.6 | 72.4 «0023 .0010 .109 +0008

22,5 (171.0 | 73.8 20021 .0009 129 .0009

23,0 | 141.9 | 75.1 »0017 .0009 .129 »0009

23.5 [126.4 | 75.8 »0015 .0009 122 +0008

23,8 |120.5 | 76.4 +0014 .0009 .188 .0018

24,0 {112.2 | 76.8 20013 .0009 117 »0007

24.4 |102.9 | 77.2 «0012 .0009 .180 «0018

24,5 1103.3 § 77.5 #0012 .0009 165 +0015

24.7 1103.7 { 77.8 0012 .0009 .178 20017

25,0 | 95.5 | 78.1 »0011 0009 .188 .0019

25,1 | 95.9 | 78.3 «0011 0009 239 <0031

25.5 | 96.7 | 79.1 +0011 .0009 .121 »0008

25.65| 96.6 | 79,0 «0011 .0009 075 +0003

.26.0 | 87.6 | 78.9 +0010 .0009 .146 20012

26.1 | 88.5 | 79.7 10010 .0009 177 <0017

26.5 | 88.1 | 79.3 «0010 .0009 .160 »0014

26.9 | 99.7 | 79.7 .0010 .0008 .178 «0017

27.0 | 99.7 | 79.8 <0010 .0008 .163 20014

27.2 ) 88.8 | 79.9 +0010 .0009 .208 »0023

27.5 | 89.5 | 80.5 «0020 . 0009 .182 .0018

28,0 | 90.6 | B1.8 «0010 .0009 .212 .0024

28.5 |102.5 | 82.1 .0010 .0008 .225 0027

29,0 | 91.6 | 82,5 +0010 .0009 .269 .0089

29.5 t111.2 | 82.4 0012 .0009 .292 20046

29.7 [110.8 | 83.1 #0012 .0009 .277 «0041

20.0 {111.6 | 83.7 »0012 . 0009 +267 0039

30.2 [121.7 | 84.2 +0013 .0009 .328 .0058

0.5 (121.8 | 84.3 «0013 .0009 .263 <0037

20.9 |140.3 | 84,2 .0015 .0009 .225 »0057

21.0 1140.5 | 84.3 +0015 .0009 .278 .0041

31,7 [150.6 | 84.7 .0016 .0009 333 +0060

22,0 {169.% | 84.6 .0018 .00Q9 .251 0034

z2.2 [169.6 | 84.8 .0018 0009 .284 .0044

32.0 [207.5 | 84.9 #0022 .0009 .295 «0047

2z.9 |2%6.7 | 85.2 .0025 .0009 .319 20058

24,0 |246.1 | 85.3 »0026 .0009 274 »0041

35.0 [260.2 | 86.8 0030 .0010 263 20037

26,0 1292.6 | 86.4 #0034 .Q010 .193 20020

27.0 |336.9 | 86.4 «0039 .0010 .126 .0009

38.0 [346.9 | 86.7 +0044 .0011 116 «0007 .0188

L
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Figure 1l.- The North American XP-51 airplane.
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Figure 2.- Line drawing of XP-51 airplane showing location of various items.
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